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Abstract：Saucer-shaped aircraft adopts a novel aerodynamic configuration of blending fuselage with wing. In 
contrast to the ordinary aircraft configurations, this kind of configuration can totally eliminate the drag resulted 
from fuselage, bringing many advantages such as simple structure, compact scale, high load capability. But its 
small aspect ratio makes the induced drag higher. Through wind tunnel experiments, it is discovered that a type 
of sweepback fin-shaped winglet can efficiently reduce the induced drag of this kind of aircraft. When this 
winglet is mounted to a model in wind tunnel experiment, the maximal ratio of lift to drag of the model can be 
increased by 75% as compared with the model without winglet at the speed of 30 m/s, and reached 15 at the 
speed of 50 m/s. In order to investigate the performance of this aircraft with winglet at low speed, test flights 
were processed. The results of test flights not only verify the conclusions of experiments in wind tunnel but also 
indicate that the load capability of the aircraft with winglet is increased and its lateral stability is even better 
than that of the aircraft without winglet. 
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摘  要：碟型飞行器采用了新颖的翼身融合气动布局。与常规飞行器相比，这种外形通过机身和
机翼完全融合消除了机身阻力，且具有结构简单、容载大等许多优点，但由于其展弦比小而导    
致诱导阻力较大。本文通过风洞吹风试验，找到一种后掠鱼鳍形的翼尖小翼装置能很好地减小   
其诱导阻力。对模型安装翼尖小翼后，风洞测量其最大升阻比在 30 m/s 风速下提高了 75％，在
50 m/s 风速下可达到 15。为进一步考察安装翼尖装置后的飞行器低速气动性能，对其进行了模   
型试飞研究。试飞验证了风洞吹风结果，不仅提高了载重量而且使横侧飞行稳定性增强。 
关键词：碟形飞行器；后掠鱼鳍形小翼；降低诱导阻力 
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Saucer-shaped aircraft (in Fig.1) adopts a con-
figuration of blending fuselage with wing, which  
makes the whole aircraft as a wing to produce the 
lift and eliminate the drag associated with fuselage. 
It has many advantages such as high load capability, 
compact scale and simple structure. This novel con-
figuration can be used to many aircraft designs in 
which the aircraft needs larger lifting area, like 
American “Black Widow”[1]. For pursuing higher 
load capability of transportation aircraft, Russia de-
signed a saucer-shaped transport called “Ekip”, 
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whose configuration was like a big saucer. It was 
said that the “Ekip”’s load can be up to 600 tons, and 
the terrestrial experiments are processed till now.   
 
 
 
 
 
 
 
 
 Fig.1  Sketch of saucer-shaped aircraft 
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This kind of aircraft has a small aspect ratio, which 
results in higher induced drag. And then, the 
investigation of induced drag reduction is of great 
to increasing the cruise and improving the per-
formance. Accordingly, the induced drag reduction 
will be important to developing the saucer-shaped 
aircraft.  
For years, through investigations with many 
methods including theoretical, experimental and 
computational ones, many engineers have designed 
various devices of drag reduction such as winglet[2], 
sheared wingtip[3], wingtip sail[4]. Some devices 
which reduce drag effectively have been applied in 
designs of ordinary aircrafts. The main mecha-
nismfor drag reduction of these devices is that 
through weakening the strength of wingtip vortex 
the down wash velocity of airflow above the wing is 
diminished and therefore the drag is reduced. But 
wind-tunnel experiments have shown that the 
above-mentioned methods are useless for flying 
saucer-like aircraft, therefore, new methods must be 
explored. 
1  Wing Tunnel and Test Model 
The flow field around the winglet is so com-
plicated that it is extraordinarily difficult to get re-
sult by computation. Consequently, wind tunnel  
experiment will be the main method for investiga-
tions in this paper. Experiments were processed in 
D5 low speed wind tunnel at Beijing University of 
Aeronautics and Astronautics (BUAA), which is of 
the type of straight flow and with an experimental 
section 0.8 m×0.6 m. Performing measure with 
rear-support six component balance, the data were 
gathered and analyzed by computer in the process of 
experiments. Different lifting areas corresponding to 
models with various winglets were input into com-
puter in advance to calculate the accurate aerody-
namic coefficients. The Reynolds number was   
5.0×105 at the speed of 30 m/s based on the aver- 
age radius of the model. The model shown in Fig.1 
was mainly made of wood and its jam ratio was less 
than 5% at the high attack angle in wind tunnel. The 
interference error of balance, which was inserted 
into model from rear of it, could be ignored. Various 
induced-drag reduction devices were mounted to the 
same model in the same conditions in order to find 
out which one was adaptive to drag reduction for 
this aircraft.  
2  Wind Tunnel Experiments 
The evaluation of drag reduction was based on 
the maximal ratio of lift to drag, which considered 
the common results of lift and drag changs. 
At present, the investigations of induced-drag 
reduction are mainly focused on the ordinary air-
crafts whose aspect ratios are usually high (more 
than 3) and whose wings adopt thin airfoils. As 
usual, wingspans of wingtip devices are less than 
those of wings by 10%. However, the aspect ratio of 
saucer-shaped aircraft is less than 3 and its airfoil of 
body is a bit thicker than thin airfoils, and then 
those conditions make it very different from the 
ordinary ones. According to the wind tunnel ex-
periments, it is proved that those ordinary wingtip 
devices are little effective to reduce the induced 
drag of this kind of saucer-shaped aircraft. The 
cause is that the wingtip vortices induced by sau-
cer-shaped aircraft are quite different from those of 
the ordinary wings. So as not to reduce the in-
duced-drag effectively with winglets less than 10% 
wingspan of wings, a type of winglet with larger 
wingspan is applied in this paper. 
Based on the observations and experiments the 
flowing trends of the two induced vortices from the 
two sides of the saucer-shaped configuration are 
both gradually upwards and apart from the two sides 
of the saucer. The positions of vortex cores are in-
dicated in Fig.2. The picture (Fig.3) is a simulation 
of flow field by software Fluent on a saucer-shaped 
body and it also shows the trends. From observing 
on pomfret it is shown that its shape is similar to the 
flying saucer. In the process of pomfret’s turning 
motion, there will exist different pressures between 
two sides of the fish body. And then, two vortices, 
just like the two wingtip vortices, will be produced 
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at the back and abdomen of the fish. But nature 
choice makes the pomfret have the most effective 
sweepback bending fins to eliminate the induced 
vortices. Therefore, a type of winglet like the 
sweepback bending fin is used to investigate its ef-
fect on induced-drag reduction in this paper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The winglets used in the test were mounted to 
the model with zero mounting angle. Through ex-
perimental contrasts, it was observed that the 
maximal lift to drag ratio of model was greatly in-
creased after mounting the winglets. Three repre-
sentative winglets, respectively numbered 1, 2 and 3, 
are shown in Fig. 5. The wingspans (single winglets) 
of number 1 and 2 are 16.7% length of the saucer’s 
wingspan and the winglet root chords are different. 
The winglet 3 has the same wing root chord as 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
winglet 2 but its wingspan is 26.7% length of sau-
cer’s wingspan. 
Figs.6, 7 and 8 are aerodynamic efficiency 
curves of lift to drag ratio, lift and drag of the  
models with and without winglet at the wind speed 
of 30 m/s. From these figures, it is got that the ma- 
ximal lift to drag ratios of the model with winglets 
are increased dramatically. The highest value of  
the maximal lift to drag ratio occurrs in winglet 3’s 
curve, which is higher than that of model without 
winglet by 75%, reaching 14. In addition, the 
maximal lift to drag ratio of number 3 can be up to 
15 at the wind speed of 50 m/s in wind tunnel,  
with Reynolds number 8.3×105. The experimental 
Reynolds number is relatively low so that the val-
ues of lift to drag ratio still had room to increase.  
In Figs.7 and 8, the lift and drag of model with 
winglet are both increased after zero degree angle 
of attack, but the maximal lift to drag ratio is im-
proved.  
 
 
 
 
 
 
Fig.3  Numerical simulation of flow field 
Fig.4  Photo of pomfret 
Fig.5  Fin-shaped winglets 
Fig.6  Contrast of lift to drag curves 
Fig.2   Sketches of induced vortices of the aircraft 
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3  Analyses of Experiments 
The linear polar curve xy CC -
2  can be used to 
investigate qualitatively the results of drag reduc-
tion. The steeper the slope of polar curve is, the less 
the induced drag will be. As shown in Fig.9, the 
slopes of curves with winglet are steeper than those 
of curves without winglet, which indicats that the 
winglet acts on drag reduction effectively. Moreover, 
comparing Fig.6 with Fig.9, it is found that the  
 
 
 
 
 
 
 
 
 
 
 
 
curve whose maximal lift to drag ratio is high in 
Fig.6 is corresponding to the curve of low induced 
drag in Fig.9. This trend demonstrates that the drag 
reduction results in increasing of lift to drag ratio. 
In Fig.7 it can be seen that the lift curve is ba-
sically an oblique straight line even exceeding the 
attack angle corresponding to the maximal lift to 
drag ratio. The function of winglet is only to change 
the slope of lift curve. The lift curve does not de-
scend in excess of a certain angle of attack just like 
that of the ordinary aircraft. It indicates that al-
though the lifting area is increased by adding wing-
lets, the main role of winglet is to reduce the inter-
ference produced by the wingtip vortex to flow field 
of rear body, resulting in increase of circulation and 
giving rise to lift. As shown in Fig.8, drag is greater 
along with the increase of attack angle. But there no 
sudden enhancement due to boundary layer separa-
tion appears. It displays that the down wash flow 
field around the wingtip and the wingtip vortex play 
evident role of restrain to the flow separation of the 
main body. 
The effects of wingtip devices are closely re-
lated to the structure of the flow field nearby the 
wingtip. Fig.10 is a plan view of model mounted 
winglet 3. Comparing Fig.10 with Fig.2, it can be 
seen that the winglets are just laid to the place of 
vertex cores, and effectively reduce the strength of 
wingtip vortices. Since the tracks of the body’s in-
duced vortices are sweepback, the winglets with 
small wingspans can not cover the integral area of 
the vortices, therefore, the drag reduction is rather 
weak. In addition, it was testified in Ref.[2] that 
along with the increase of attack angle a greatly 
swept and large taper ratio winglet would roll up a 
leading vortex at the leading edge, and there was a 
trailing vortex at the trailing edge near the posterior 
main body whose turning direction was reverse with 
that of wingtip vortex; and both vortices weakened 
each other and worked to reduce the strength of 
harmful vortices. As the aircraft studied is con-
cerned, in the region A in Fig.10, there is an impact 
between the airflow (wide line) rolling the winglet 
and the airflow forming the trailing vortex (thin  
Fig. 7  Contrast of lift curves 
Fig. 8  Contrast of drag curves 
Fig. 9  xy CC -
2  curves 
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line), and their turning directions are just reverse so 
as to weaken each other’s strength. Moreover, the 
tail plan at the rear body will also play a role to de-
press the body’s trailing vortices. In conclusion, 
through this device the induced drag is reduced 
dramatically and the maximal lift to drag ratio is 
increased.  
 
 
 
 
 
 
 
 
 
 Winglet 1 and winglet 2 have the same wing-
spans but different leading edge shapes, however, 
the difference makes effect of drag reduction dis-
tinctly varying. This result is just due to the opera-
tion of leading vortex versus wingtip vortex. 
Through observation by method of surface 
thread, the area of airflow separation over the body 
is decreased after mounting winglets. It is shown 
that the winglets effectively reduce the interference 
of induced vortex to airflow of rear body. Conse-
quently the aerodynamic efficiency of the sau-
cer-shaped aircraft is much displayed. 
4  Test Flight 
In order to investigate the aerodynamic per-
formance of the new aircraft, test flights were proc-
essed. The model for flight test was 1.2 m in wing-
span and supplied thrust by one propeller engine. 
Fig.11 is a picture of the test model plane in the proc-
ess of flight. The load-bearing ability of the test model  
 
 
 
 
 
 
 
with winglets is greater than that of the test without 
winglet by 33%. Moreover, the mounting winglets not 
only do not affect the longitudinal stability but also 
improved the transverse stability. Test flight testifies 
this type of winglet has excellent aerodynamic effi-
ciency. 
5  Conclusions 
(1) Wind tunnel experiments and test flights 
prove that the sweepback fin-shaped winglet is ef-
fective to reduce induced drag of flying-saucer air-
craft. A suitable wingspan must be adopted to cover 
the main tracks of the body’s induced vortices. Al-
though the wingspan of winglet is greater than that 
of traditional aircraft, it is necessary for this kind of 
aircraft. The results also can supply guidance for 
latter investigation. 
(2) Through experimental contrasts, the leading 
vortex of the winglet plays an important role to the 
drag reduction; moreover, different leading edge 
shapes have different influence to the reduction ef-
fect. Hence the optimization of winglet shape 
should be further investigated. 
(3) The lift to drag ratio of model with winglet 
3 is 15 at the speed of 50 m/s in wind tunnel ex-
periment. Since the Reynolds number is rather low, 
the maximal lift to drag ratio will still have room to 
increase. 
(4) Because of the special configuration of the 
saucer-shaped aircraft, the interaction of the body’s 
induced vortex with the leading vortex and trailing 
vortex of the winglets, as well as the influence of 
the winglet on the airflow field of rear body, the 
drag reduction mechanism is quite complicated. 
Further study is still needed.  
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